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Abstract 
A 27-year-old girl suffered a tibial fracture with an extensive bone defect due to a major 
trauma. At first, she was treated with a plate with the purpose to obtain a fibula-pro-tibia 
transfer, without any improvement. At one-year-follow up, a non-union due to 
mechanical hardware failure was shown by x-ray. Thus, a second surgery was performed: 
the ipsilateral fibula was tightly wedged between the preserved proximal and distal third 
of tibia with an external fixator. We report a follow up of 1 year after the reconstruction, 
that allowed a good bone healing and a remodeling with also further ossification of the 
periosteal sheath of the fibula. 
 
Case Report 
In June 2009 a 27-year-old girl fell from a window and suffered an open fracture of her 
right tibia with an extensive bone loss (Gustilo type III) (1). She was treated first at 
another institute with internal fixation using the “fibula-pro-tibia” procedure (fusing the 
tibia and fibula together to create a one-bone leg). The proximal and distal part of the 
tibia were plated, and the screws were brought across to the fibula cortex (Figure 1A).  
At the 3- and 6-months follow-ups, X-Rays showed no evidence of bone healing and the 
patient’s clinical conditions didn’t improve. At the clinical inspection walking was not 
conceivable and pain did not permit joint mobilization, neither knee nor ankle. Besides, 
remodeling of the reconstructed tibia was not present at the radiological examination 
(Figure 1A).  
At 9 months follow-up the proximal screws appeared broken; however, no further 
treatments were applied (Figure 1B).  
The patient first presented to us in June 2010. She reported worsening in pain and a leg 
deformity was evident. X-rays showed hardware failure at the level of the distal fibula-
tibia junction, due to non-union, and the consequent valgus deformity of the ankle 
(Figure 2).  
A surgical procedure became necessary: the skin and the soft tissues were compromised 
and the development of an atrophic non-union limited the therapeutic strategies. 
Moreover, a severe external popliteal sciatic nerve paresis and limitation of the right 
ankle range of motion worsened the clinical conditions. 
In July 2010 we opted for stabilization with an external fixator: the ipsilateral fibula was 
tightly wedged between the preserved proximal and distal third of tibia, as a local bone 
flap. Tibia was fixed to the fibula cortex with pins, to ensure stability and to restore the 
physiological load axis (Figure 3A, B).  
The patient was discharged from the hospital after 5 days from the surgery, walking on 
crutches. A rehabilitation program was suggested, to increase muscle strength and to 
improve the neurological status.  
At 1-year follow-up no evidence of bone healing was shown at X-rays (Figure 3C); thus, 
the patient underwent another surgery five months later. We decided to increase the 
compaction thrust by using two olive wires: the first one was placed with an oblique 
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direction, pushing the middle section of the fibula, to achieve medial translation of the 
fibula; the second one was placed with opposite direction, pushing the distal part of the 
tibia towards fibula, so as to obtain major stability of the frame and to decrease the 
distance between tibia and fibula (Figure 3D). 
In June 2011 radiological evidence of initial medial shift of the fibula towards the distal 
part of the tibia and early callus formation were found. A further surgery was necessary 
to ensure a complete medial translation: we replaced the former proximal oblique olive 
wire with a right direction one in order to enhance the medial shift (Figure 3E, F). 
In December 2011 X-rays showed a 12° valgus deformity of the distal part of the tibia 
(Figure 4A) due to patient overweight and relative instability of the external fixation 
frame. Bone healing process requires two conditions: the stability on the bony segment 
and their compression with a corrected axis load; therefore, we planned another surgery 
in January 2012 using an olive wire pushing the distal part of the tibia, to obtain a 
reduction of the valgus displacement (Figure 4B).  
Six months after surgery, the compression force seemed inadequate, confirmed by 
radiological evidence of tibia and fibula diastasis. We opted for the use of a 3.5 mm 
cannulated screw to obtain better bone regeneration and compression, with the aim to 
reduce the dislocation, as shown in (Figure 4C).  
At the following annual controls, encouraging bone healing signs with progressive fibula 
hypertrophy and improvement of the bone regeneration were assessed, especially in the 
proximal portion of the tibia, where formation of an exuberant callus was evident (Figure 
4D). In June 2015 bone regeneration was complete, and the fibula was totally integrated 
with the tibia. 
In conclusion, after a 7 years treatment we obtained satisfying results in terms of stability 
of the “new tibia” and we removed the external fixator in January 2017, recommending a 
cast for the following two months, subsequently replaced by an orthosis Walker type that 
allowed complete load and the possibility to walk with a protected leg (Figure 4E). 
 
Results 
At one-year follow-up, a physical and psychological recovery was achieved. Patient was 
able to walk without crutches with a less than 2 cm right lower limb hypometria, which 
was well compensated during the ambulation. Radiologically no evidence of valgus or 
varus deformity was present; however, a residual procurvatum of the tibia was shown in 
the lateral view. An ankle arthrodesis was clinically assessed in association with deficit of 
the anterior tibialis, already present before our surgery. A complete knee ROM was 
otherwise found. During the 7 years treatment, no major complications had been 
reported, except for superficial pin site infections. 
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Discussion 
Tibial open fractures often result in a bone gap. In these cases, surgical repair may be 
difficult and unsuccessful, due to the entity of the defect, the soft tissue involvement and 
the vascular conditions, which may cause osteomyelitis. 
Conventional bone grafting leads to optimal bone healing and satisfactory clinical result 
for defects shorter than 6 cm, if the area is well vascularized and not infected (2). In the 
case of major bone gaps, conventional techniques of bone grafting may increase the risk 
of non-union and infection; thus, advanced surgical procedures should be considered.  
Flanagan JJ. et al. (1947) (3) proposed a hemidiaphisectomy of the affected bone; in this 
case, the removed cortex was used as a graft. During the years, some alternative limb-
salvage techniques have been proposed by several authors. The surgical options that have 
shown the best clinical results are controlateral fibular grafting (4), the bone transport 
using the Ilizarov method (5), the Masquelet's Technique (6) and ipsilateral fibula-pro-
tibia. 
Ipsilateral fibular grafting was first proposed by Hanh in 1884. The surgical procedure 
was developed by Huntington (7) in 1905, who described the use of the whole segment of 
fibula to bridge a tibial defect with an internal fixation. Some authors modified the 
technique during the XX century, readapting it to the specific clinical cases (8-11). 
In 1998 Catagni et al. (12) first, followed by Kim et al. (13), introduced ipsilateral fibular 
transfer with an external fixator using the traction by olive wires to accomplish gradual 
transport.  
Although the potential advantages of this surgical procedure could be interesting, there 
are just few cases published in literature (12, 14, 15), probably due to the low incidence 
of the extreme clinical condition and the technical difficulties of the surgical technique. 
The case we described had some additional issue: the peripheral neurological and the soft 
tissues conditions were seriously compromised; a previous treatment had been 
unsuccessful; moreover, a septic status limited the therapeutic possibilities.  
For all these reasons, the use of controlateral vascularized fibula was not preferable, to 
avoid possible complications to the unaffected limb. Besides the impaired vascularization 
of the receiving site would have possibly compromised the graft vitality. 
The external fixator maintains the limb stability while achieving the transport of the 
ipsilateral fibula, which allows for early weight-bearing to increase fracture healing 
potential (16). The early load also leads to hypertrophy of the bone which is desirable in 
the fibula-pro-tibia transfer. 
Amputation was maybe the only option and the simplest surgical solution to treat this 
patient, who appeared exhausted due to the failure of previous treatments. Despite the 
recent advances in leg prosthesis techniques (17), limb amputation is still considered 
disabling in our society and it is associated with anxiety related disorders and depression  
(18). Besides the cosmetic aspect needed to be considered in a 27 years-old lady. The 
cost difference between amputation and reconstruction has not been well assessed in 
literature; some studies underline the surgical and medical expenses and the cost of 
rehabilitation after the surgical salvage procedures are higher than those for the 
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amputation (13, 19). Williams, considering the need of prosthetic changes with years, 
reputed the long-term costs of amputation greater than for the external fixator treatment, 
once limb salvage has been accomplished (20).  
 
Conclusion 
Amputation was the only therapeutic option in the past for open fractures with massive 
bone defects. Nowadays limb salvage surgery should be considered in these extreme 
situations as it could be a reasonable alternative. We think the fibula-pro-tibia transfer 
with the Ilizarov method may lead to a satisfying bone healing and compensatory 
hypertrophy of the fibula to create a one-bone leg. In our case, the 7 years treatment with 
the external fixator and the residual ankle arthrodesis represent the negative aspects of the 
procedure, but the patient well accepted these side-effects as this surgical technique 
allowed her for maintaining the lower limb and for walking without pain. To date, the 
only limits of this surgical approach are the technical difficulties and the need of an 
experienced surgeon in the Ilizarov method. 
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Figure Legends 
 
Figure 1 
The proximal and distal part of the tibia were plated (A); proximal screws appeared 
broken at 9- month follow-up.  
 
Figure 2 
X-rays showed hardware failure at the level of the distal fibula-tibia junction, due to non-
union, and the consequent valgus deformity of the ankle. 
 
Figure 3 
A,B. Stabilization of bone graft by external fixator frame. 
C,D. No evidence of bone healing at 1-year follow-up (C); olive wires were used to 
increase the compaction (D). 
E,F. Early callus formation (E); change of olive wire direction (F).  
 
 
Figure 4 
A. The x-rays show a valgus deformity of the distal part of the tibia. 
B. Reduction of the valgus displacement after the revision surgery with an olive wire 
pushing the distal part of the tibia. 
C. A 3,5 mm cannulated screw was used with the aim to reduce the dislocation. 
D. The last x-ray follow-up with the external fixator showing encouraging bone healing. 
E. The x-ray control after the removal of external fixator; a satisfying result in terms of 
stability of the “new tibia” is evident and a complete load was allowed. 
 
 
